Background
Background It has been suggested It has been suggested that psychosis genes might be associated that psychosis genes might be associated with beneficial effects, explaining their with beneficial effects, explaining their high frequency in all human populations. high frequency in all human populations.
Aims Aims To testthe relationship between
To testthe relationship between academic success and the incidence of academic success and the incidence of psychotic disorders. psychotic disorders.
Method Method The unusually complete
The unusually complete demographic and scholastic records demographic and scholastic records available in Iceland were used to locate available in Iceland were used to locate academically accomplished individuals and academically accomplished individuals and assess the probability of previously assess the probability of previously identified patients with mental disorders identified patients with mental disorders and their relatives being among such and their relatives being among such groups. groups.
Results

Results Close relatives of successful
Close relatives of successful students showed increased risks of students showed increased risks of psychosis.Individuals who subsequently psychosis.Individuals who subsequently developed psychosis and relatives of developed psychosis and relatives of people with psychosis excelled in school people with psychosis excelled in school performance, particularlyin mathematics. performance, particularlyin mathematics.
Conclusions Conclusions The study supports the
The study supports the hypothesis that stimulation associated hypothesis that stimulation associated with psychotic tendencies enhances with psychotic tendencies enhances performance in academic settings. performance in academic settings.
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Many authors have presented evidence sugMany authors have presented evidence suggesting an increased risk of mental illness in gesting an increased risk of mental illness in creative artists and their relatives (Langecreative artists and their relatives (LangeEichbaum, 1931; Goodwin & Jamison, Eichbaum, 1931; . Few such studies have been made 1990). Few such studies have been made of highly successful scholars, although there of highly successful scholars, although there are also indications of elevated rates of psyare also indications of elevated rates of psychosis in their ranks (Isohanni chosis in their ranks (Isohanni et al et al, 1999) . , 1999). A unique opportunity exists in Iceland for a A unique opportunity exists in Iceland for a quantitative investigation of high-scoring quantitative investigation of high-scoring graduates of the special university pregraduates of the special university preparatory schools, evaluating the students' paratory schools, evaluating the students' comparative risk, as well as that of their comparative risk, as well as that of their relatives, of eventually requiring hospital relatives, of eventually requiring hospital treatment for serious mental disorders. treatment for serious mental disorders.
METHOD METHOD
This study is an extension of a large invesThis study is an extension of a large investigation of family risks of psychosis first tigation of family risks of psychosis first published 30 years ago . published 30 years ago . This investigation embraced the entire This investigation embraced the entire population of Iceland born in the period population of Iceland born in the period 1851-1940 and surviving past the age of 1851-1940 and surviving past the age of 15 years. For statistical purposes the 15 years. For statistical purposes the material was divided into three generations, material was divided into three generations, according to the year of birth: 1851-1880, according to the year of birth: 1851 -1880 , 1881 -1910 and 1911 -1940 . In these 30-1881 -1910 and 1911 -1940 . In these 30-year periods surviving births in Iceland year periods surviving births in Iceland (estimated from official records) were (estimated from official records) were 45 000, 56 000 and 70 000, respectively, 45 000, 56 000 and 70 000, respectively, rounded to the nearest thousand. Rates rounded to the nearest thousand. Rates for each generation of ever having been for each generation of ever having been admitted (by 1968) for treatment of admitted (by 1968) for treatment of endogenous psychosis to the single mental endogenous psychosis to the single mental hospital serving the whole country were hospital serving the whole country were established for the general population, established for the general population, ranging from 0.4% to 1.2%. Detailed ranging from 0.4% to 1.2%. Detailed comparative tables comparative tables demonstrated that the risks of psychosis in demonstrated that the risks of psychosis in parents, full siblings and children of people parents, full siblings and children of people who had been so admitted increased who had been so admitted increased approximately four-fold. This research approximately four-fold. This research material was further analysed according to material was further analysed according to hospital diagnosis of the patients and correhospital diagnosis of the patients and corresponding illnesses in their relatives. The sponding illnesses in their relatives. The excellent local demographic records and excellent local demographic records and stability of the population made such a stability of the population made such a study feasible. study feasible.
The investigation was then expanded to The investigation was then expanded to include assessment of the academic success include assessment of the academic success of individuals who later developed psychoof individuals who later developed psychosis and first-degree relatives of patients, sis and first-degree relatives of patients, again comparing them with the population again comparing them with the population at large. The records of Icelandic university at large. The records of Icelandic university preparatory schools have been published preparatory schools have been published annually and are available for inspection annually and are available for inspection at the National Library in Reykjavik. They at the National Library in Reykjavik. They include the names and birth dates of all include the names and birth dates of all graduates and the actual grade point scores graduates and the actual grade point scores achieved in each subject by every individual achieved in each subject by every individual in the final examinations at age 20 years. in the final examinations at age 20 years. During the first two intervals, comprising During the first two intervals, comprising the graduation years 1871-1930, there the graduation years 1871-1930, there was just one 'gymnasium' type educational was just one 'gymnasium' type educational institution in Iceland, located in Reykjavik, institution in Iceland, located in Reykjavik, in which all students followed the same in which all students followed the same curriculum. In the last period, 1931-1960, curriculum. In the last period, 1931-1960, a second similar school operated in a second similar school operated in Akureyri in north Iceland. The parents, full Akureyri in north Iceland. The parents, full siblings and children of the graduating siblings and children of the graduating students, also born in the interval 1851-students, also born in the interval 1851-1940, have been identified with records at 1940, have been identified with records at the National Archives. the National Archives.
For an initial exploration, the top gradFor an initial exploration, the top graduates each year, born 1851-1910, were uates each year, born 1851-1910, were selected, on the basis of the highest grade selected, on the basis of the highest grade point average achieved at age 20 years. point average achieved at age 20 years. The two top graduates from the single The two top graduates from the single school were selected for those born 1851-school were selected for those born 1851-1910, and for those born 1911-1940 the 1910, and for those born 1911-1940 the top male graduate from each of the two top male graduate from each of the two schools was chosen. Thus, there were in schools was chosen. Thus, there were in this survey 180 index scholars, approxithis survey 180 index scholars, approximately 0.1% of the total population of mately 0.1% of the total population of 171 000; all were male. These individuals 171 000; all were male. These individuals and their relatives were then evaluated for and their relatives were then evaluated for rates of ever having been admitted to the rates of ever having been admitted to the mental hospital, comparing their risk of mental hospital, comparing their risk of hospital-treated psychosis with the figure hospital-treated psychosis with the figure of just under 1% already established for of just under 1% already established for the general population. The expected numthe general population. The expected numbers of such patients among the graduates bers of such patients among the graduates and their relatives were computed sepaand their relatives were computed separately for each generation according to the rately for each generation according to the basic data and then added basic data and then added together. Since it was only in the third study together. Since it was only in the third study period that young women started attending period that young women started attending advanced schools in significant numbers, a advanced schools in significant numbers, a similar longitudinal study of women was similar longitudinal study of women was not feasible. not feasible.
A second investigation was limited to A second investigation was limited to the generation born 1911-1940, selecting the generation born 1911-1940, selecting for assessment of mental disease the firstfor assessment of mental disease the firstdegree relatives of the three highest graduates degree relatives of the three highest graduates in terms of overall grades each year, sepain terms of overall grades each year, separately for each gender, at Reykjavik College rately for each gender, at Reykjavik College in the period 1931-1960. The school had by in the period 1931-1960. The school had by then been divided into two sections, humathen been divided into two sections, humanities and mathematics, requiring these nities and mathematics, requiring these populations to be dealt with separately. populations to be dealt with separately. All students in a given class followed the All students in a given class followed the same curriculum and took the same tests. same curriculum and took the same tests. Most of the women chose the humanities Most of the women chose the humanities section. section.
A third comparison was based on risk A third comparison was based on risk of illness among those who achieved the of illness among those who achieved the highest grades on the written final mathehighest grades on the written final mathematics test in the mathematics and science matics test in the mathematics and science section of Reykjavik College during the section of Reykjavik College during the years 1931-1960. This examination reyears 1931-1960. This examination required solutions of difficult problems in quired solutions of difficult problems in algebra, geometry, analytical geometry, algebra, geometry, analytical geometry, trigonometry and calculus. All male stutrigonometry and calculus. All male students achieving a score of 90% or higher dents achieving a score of 90% or higher were included as index cases in the first were included as index cases in the first study, as well as the four highest-scoring study, as well as the four highest-scoring students in years when all marks fell below students in years when all marks fell below 90%. Since the same problems cannot be 90%. Since the same problems cannot be used too frequently in the examinations, used too frequently in the examinations, there is bound to be some variation in the there is bound to be some variation in the difficulty of the test from year to year. A difficulty of the test from year to year. A parallel second study has been made of all parallel second study has been made of all women achieving a grade of at least 40% women achieving a grade of at least 40% on the written final. Only one woman on the written final. Only one woman scored above 90% in mathematics. scored above 90% in mathematics.
RESULTS RESULTS
The initial survey, embracing the entire The initial survey, embracing the entire population born , is summarised population born 1851-1940, is summarised in Table 1 . As shown in the left half of the in Table 1 . As shown in the left half of the table, the 180 top male graduates, selected table, the 180 top male graduates, selected only on the basis of highest grade point only on the basis of highest grade point averages, are expected to include 1.4 inaverages, are expected to include 1.4 instances of hospital-treated psychosis if their stances of hospital-treated psychosis if their risk equals that of the general population; risk equals that of the general population; the observed number is 4 (all cases of the observed number is 4 (all cases of schizophrenia). Their 1016 first-degree reschizophrenia). Their 1016 first-degree relatives of both genders should include latives of both genders should include 8.4 cases of psychosis; the observed total 8.4 cases of psychosis; the observed total is 22 (8 schizophrenia and 14 affective disis 22 (8 schizophrenia and 14 affective disorder). The study has also been reversed, order). The study has also been reversed, assessing the numbers of previously identiassessing the numbers of previously identified patients with psychosis or their relafied patients with psychosis or their relatives who are expected tives who are expected ( (v v. observed) to be among the high perfor-. observed) to be among the high performers, the population rate of top performers, the population rate of top performance being about 0.1%. The right-hand mance being about 0.1%. The right-hand part of Table 1 shows that 4 patients part of Table 1 shows that 4 patients among the 1377 documented total were among the 1377 documented total were top graduates (rather than 1.4), while the top graduates (rather than 1.4), while the previously identified 9379 first-degree relapreviously identified 9379 first-degree relatives of patients include 23 top graduates tives of patients include 23 top graduates instead of a predicted 9.7. In this group instead of a predicted 9.7. In this group there were 12 people with schizophrenia there were 12 people with schizophrenia and 15 with an affective disorder. Using and 15 with an affective disorder. Using either approach, the rates are more than either approach, the rates are more than doubled in both index cases and close doubled in both index cases and close relatives. relatives.
The next survey (Table 2) centred The next survey (Table 2 ) centred around the three highest-scoring individaround the three highest-scoring individuals (both male and female) in terms of uals (both male and female) in terms of average grades every year in either section average grades every year in either section of Reykjavik College graduating in the perof Reykjavik College graduating in the period 1931-1960. This equates to 90 persons iod . This equates to 90 persons in each group. However, since few female in each group. However, since few female students chose the mathematics curriculum, students chose the mathematics curriculum, that group is based on all 83 female graduthat group is based on all 83 female graduates in that category in the same period. ates in that category in the same period. Five of the top-scoring males as well as Five of the top-scoring males as well as two high-scoring females were later hospitwo high-scoring females were later hospitalised with schizophrenia. The table talised with schizophrenia. The table includes parents and full siblings of the high includes parents and full siblings of the high performers, the expected rates of hospitaliperformers, the expected rates of hospitalisation again being about 1% among these sation again being about 1% among these first-degree relatives. An increased risk over first-degree relatives. An increased risk over the expected value is seen only among relathe expected value is seen only among relatives of those who chose the mathematics tives of those who chose the mathematics programme. In all the groups there were programme. In all the groups there were 11 people with schizophrenia and 13 with 11 people with schizophrenia and 13 with affective disorders. affective disorders.
The third comparison, summarised in The third comparison, summarised in Table 3, first evaluates the risk of psychosis  Table 3 , first evaluates the risk of psychosis in index cases and among close relatives of in index cases and among close relatives of 90 male students who distinguished them-90 male students who distinguished themselves as highest performers on the matheselves as highest performers on the mathematics test at Reykjavik College in the matics test at Reykjavik College in the period . Instead of the expected period 1931-1960. Instead of the expected 4.3 instances of psychosis in the whole 4.3 instances of psychosis in the whole group there were 11 instances: 4 of schizogroup there were 11 instances: 4 of schizophrenia and 7 of affective disorder. An phrenia and 7 of affective disorder. An evaluation of psychosis in families of 52 evaluation of psychosis in families of 52 female graduates scoring at least 40% on female graduates scoring at least 40% on the mathematics test revealed a similar the mathematics test revealed a similar pattern. Here two of the index individuals pattern. Here two of the index individuals were diagnosed as having schizophrenia, were diagnosed as having schizophrenia, and 3 of their 122 siblings as well as 3 and 3 of their 122 siblings as well as 3 of their 93 parents were treated for of their 93 parents were treated for psychosis (2 schizophrenia and 4 affective psychosis (2 schizophrenia and 4 affective disorder). disorder).
All the patients and their relatives surAll the patients and their relatives surveyed in this study were identified in the veyed in this study were identified in the earlier research on family risks of psychosis earlier research on family risks of psychosis without any intention at without any intention at 3 2 8 3 2 8 that time to investigate their academic that time to investigate their academic performance. These people were seen only performance. These people were seen only as potential carriers of psychosis genes. as potential carriers of psychosis genes.
DISCUSSION DISCUSSION
The suggestion was first made by Huxley The suggestion was first made by Huxley et et al al (1964) that psychotic disorders might be (1964) that psychotic disorders might be associated with some favourable effect, as associated with some favourable effect, as this would explain their surprisingly high this would explain their surprisingly high frequency in all human populations. Genfrequency in all human populations. Geneticists refer to such systems as balanced eticists refer to such systems as balanced polymorphisms, mutant genes tending to polymorphisms, mutant genes tending to exist at unexpectedly high levels if their hetexist at unexpectedly high levels if their heterozygous carriers benefit in some manner erozygous carriers benefit in some manner from the phenomenon of hybrid vigour. from the phenomenon of hybrid vigour.
Many years ago the claim was made Many years ago the claim was made that relatives of patients with psychosis that relatives of patients with psychosis exhibited a 'thought disorder' on the Loviexhibited a 'thought disorder' on the Lovibond Object Sorting psychological test bond Object Sorting psychological test . This report aroused . This report aroused a great deal of attention, and several invesa great deal of attention, and several investigators attempted to replicate its findings. tigators attempted to replicate its findings. The conclusion was that differences did inThe conclusion was that differences did indeed exist between the responses of control deed exist between the responses of control groups and those of patients' relatives, groups and those of patients' relatives, although less definitively than suggested although less definitively than suggested by the original findings. When subsequently by the original findings. When subsequently the principal author discovered that the principal author discovered that 'thought disordered' college students were 'thought disordered' college students were often the high-performing members of their often the high-performing members of their classes, the suggestion was made that the classes, the suggestion was made that the deviant responses should be designated deviant responses should be designated 'allusive thinking', to avoid the negative 'allusive thinking', to avoid the negative implication of the former terminology implication of the former terminology (McConaghy & Clancy, 1968) . After that, (McConaghy & Clancy, 1968) . After that, interest in the subject dwindled. interest in the subject dwindled.
More recently, other investigators have More recently, other investigators have attempted to identify early signs of mental attempted to identify early signs of mental deviation in relatives of patients, suggesting deviation in relatives of patients, suggesting that preventive treatment might be in order that preventive treatment might be in order to intercept psychosis before the appearance to intercept psychosis before the appearance of overt symptoms (Tsuang of overt symptoms (Tsuang et al et al, 2000) . , 2000). Another research study conducted in FinAnother research study conducted in Finland demonstrated that top male performers land demonstrated that top male performers in middle school were at increased risk of in middle school were at increased risk of subsequent development of psychotic illness subsequent development of psychotic illness (Isohanni (Isohanni et al et al, 1999) . That study did not , 1999). That study did not focus on the families of psychiatric patients. focus on the families of psychiatric patients.
Present data Present data
The study reported here assesses the effect The study reported here assesses the effect of psychosis factors on mental performance of psychosis factors on mental performance in affected families, using the unique opin affected families, using the unique opportunity existing in Iceland for demoportunity existing in Iceland for demographic research. The investigation is graphic research. The investigation is aimed primarily at elucidation of the peraimed primarily at elucidation of the personality characteristics of relatives of peosonality characteristics of relatives of people with psychotic disorders. The findings ple with psychotic disorders. The findings consistently indicate that healthy members consistently indicate that healthy members of the families of people with psychosis of the families of people with psychosis often exhibit an advantage in academic often exhibit an advantage in academic performance. performance.
The data in Table 1 leave little doubt The data in Table 1 leave little doubt that the altered levels of brain activity seemthat the altered levels of brain activity seemingly associated with risk of psychosis can ingly associated with risk of psychosis can lead to superior performance in academic lead to superior performance in academic settings. The top performers tend to be relasettings. The top performers tend to be relatives of patients if they are not themselves tives of patients if they are not themselves psychosis-prone. Most of the individuals psychosis-prone. Most of the individuals surveyed here lived in the period before surveyed here lived in the period before the educational emphasis shifted to mathethe educational emphasis shifted to mathematics and science, but even in college submatics and science, but even in college subjects covered a century ago, an increase in jects covered a century ago, an increase in psychosis was apparent among the gifted psychosis was apparent among the gifted students. students. Table 2 narrows down the fields in Table 2 narrows down the fields in which individuals with high levels of brain which individuals with high levels of brain arousal predominate. The risk of psychosis arousal predominate. The risk of psychosis does not seem to appear in groups prepardoes not seem to appear in groups preparing for careers in languages, literature and ing for careers in languages, literature and jurisprudence, for example, but is more jurisprudence, for example, but is more definitive in those headed for science or definitive in those headed for science or mathematics. High-performing women mathematics. High-performing women show evidence of being at risk of psychosis show evidence of being at risk of psychosis only when they seek careers requiring only when they seek careers requiring scientific skills. scientific skills.
In Table 3 high risks can be demonIn Table 3 high risks can be demonstrated in both men and women when the strated in both men and women when the focus is specifically on mathematical reafocus is specifically on mathematical reasoning. Men achieving grades of at least soning. Men achieving grades of at least 90% or women with scores over 40% show 90% or women with scores over 40% show elevated rates of psychosis in both the index elevated rates of psychosis in both the index cases and their relatives. These individuals cases and their relatives. These individuals were preparing for careers in mathematics, were preparing for careers in mathematics, physics, chemistry, astronomy, engineering, physics, chemistry, astronomy, engineering, architecture and medicine. The evidence architecture and medicine. The evidence reported in this paper supports the hypothreported in this paper supports the hypothesis that the elevated levels of mental esis that the elevated levels of mental stimulation encountered in families with stimulation encountered in families with psychosis may enhance creative forms of psychosis may enhance creative forms of thinking. thinking. The investigation is restricted to good abilities present at age 20 years.
